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Abstract: The growth of electric bicycles has spread to the US, and more bicycle shops are
carrying electric assist bicycles. Most bicycle shops are currently ill equipped to accommodate
heavier electric bicycles with traditional repair stands, that require at least one had to operate,
and the other hand to hold up the bicycle. The problem being solved is the awkward and poor
ergonomics of holding up a heavy electric bicycle with one hand, and operating a repair stand
with the other. The solution is to use a repair stand that does not require hands to operate. Having
a hands-free clamping device capable of supporting two hundred pounds, and supplying a
clamping force of around fifty-two pounds to securely hold an electric bicycle in place to
conduct maintenance. Manufacturing a device that could be integrated into existing bicycle
shops would greatly benefit smaller businesses financially, and bicycle mechanics
ergonomically. Current products require replacing existing repair stands with ones that cost
thousands of dollars. The proposed solution would cost only a few hundred and integrate directly
into existing shops with little downtime or invasive set up. Strain on one’s back while lifting
heavy objects is a major concern with organizations, such as OSHA, and a more ergonomically
friendly product would prevent future issues.

1. Introduction
Description
Traditionally, repair stands are operated with one hand holding the bike, and the
other adjusting a clamp to hold the bicycle in place by the seatpost, as to not mar or
damage the frame. An image of described stand is pictured in Figure 1. Automatic
bicycle repair stand stemmed from the production of electronic bicycles (E-Bikes).
These e-bikes carry heavy batteries and motors on them, resulting in an increased
weight compared to other non-powered bicycles. With these new, heavier e-bikes,
technicians must hold a bike weighing close to 50lbs or more with one hand, while
adjusting the repair stand clamp with the other.
Motivation
A hands-free stand would allow for lifting of the bike with both hands, allowing for a
more stable and ergonomically friendly holding position for the operator.
Function Statement
A device is needed that will clamp and support a bicycle without the use of hands.

Figure 1.
Mechanical
Bike Stand

Requirements
The list of requirements is determined to ensure versatility of the stand to accommodate all types
of bikes, seatpost sizes and materials, while being ergonomically and user friendly.
 Clamping force must be adjustable or not exceed 52lbs in order to avoid crushing carbon
fiber components, as specified by FSA seatpost installation instructions (Fig F-1).
 Clamp must accommodate all seatpost diameters (24mm – 39mm).
 Stand must be able to hold a minimum load of 150lbs.
 Rotational speed of the driven gear will vary from 150-300RPM.
 The operator should only have to lift the bike once to secure it in the repair stand.
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Engineering Merit
The repair stand should be able to support a load of 150lbs. Using the equation T=F*L, the
amount of torque can be calculated to see how strong the base needs to be. The stress was
calculated using sigma=moment/s. For all main structural members, a load of 200lbs was used
which has the safety factor built in.
Success Criteria
Operator can lift bicycle with both hands while still being able to secure the bicycle in the repair
stand on the first try.
Scope
A hands-free operated stand could potentially be implemented in bicycle shops around the world,
especially in Europe where e-bikes are very popular. It could also allow for an option for
amputee cyclists to maintain their own bicycle with only one arm.

Success of Project
The product’s success is dependent on if the stand can be operated hands-free, clamping the
bicycle on the first try. If the operator has to place the bicycle on the ground for adjustments to
the stand after the first attempt, the stand does not meet the requirements.

2. Design and Analysis
Approach
The operation of the clamp consists of a stationary arm, a swing arm that pivots about a point, a
lead screw, drive system, tension arm, and motor. The clamping force of the jaws in should not
exceed the 10lbs specified to not crush carbon seatposts. A power or drive torque limiter will be
implemented to not clamp too hard on the seatpost. The drive train will reduce the variable speed
of the motor to the desired 150 - 300 RPM. The tension spring will keep the drive system in
tension as the tension arm swings along its arc of travel as the jaws open and close.
Design Description
As the motor spindle spins clockwise or counterclockwise, the drive system spins along the lead
screw. As the drive system tightens on the leadscrew, the swing arm pivots and closes against the
stationary arm. As the swing arm moves through its range of travel, the lead screw pivots on one
end so the faces of the drive system gears stay parallel to the face of the swing arm. In order for
the gear faces to stay parallel, the chain must move along a linear path parallel to the long axis of
the swing arm to maintain its length without stretching. The motor is mounted to the swing arm,
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where a tension arm holding two jockey wheels keeping the
chain length correct as the swing arm pivots through its
range of motion. Benchmark
The ParkTool PRS-33 power bike stand (Figure 2) is the
current model offered to aid in the lifting of heavy bicycles.
The PRS-33 utilizes powered height adjustment to lift the
bike off the ground to conduct maintenance. The electric
motor is low speed and high torque and is the lifting force
to elevate the bicycle. The stand being proposed in this
document is similar in the sense that it is powered
electronically, but the clamping force is the only powered
aspect. There is no power lift feature of the proposed stand.
This results in a system that is lighter, less expensive,
faster, and provides a fixed height for consistent working
elevation compared to the product from ParkTool.
Performance Predictions
The repair stand is expected to undergo a minimum of
25ksi total, using Mild A36 steel capable of experiencing a
stress of 36ksi (Fig A-4). The clamp will close at a rate of
0.23 inches per second (Fig A-10). The speed will be
variable, but to accommodate for operator preference. With
adjustable motor speed and gearing, the clamp will close at
the specified rate using 300RPM with a gear ratio of
approximately 1.66 (FigA-2). With the use of steel square
tubing, the actual capacity should exceed the minimum
requirement. The time to set up and manually machine all
Figure 2.
the necessary pieces will take between 12-14 hours of labor. Welding of
ParkTool Electric
joints together, including set up will range from 6-7 hours. Wiring and
Bike Stand
soldering of electronics will range from 8-10 hours. Final assembly will
take around 3-4 hours. Total fabrication and assembly of clamp will take
29-35 hours. The total weight of the clamp will fall between 8-10lbs. Assuming it takes 10-15
seconds to set up a traditional bike stand for an experienced mechanic, an electric assisted clamp
could cut the time by more than half.
Description of Analyses
One design parameter determined through analysis is how much weight the clamp can hold.
Each point on the clamp must be able to support an amount of weight, up to 150lbs. The stand
from ParkTool (Figure 2) has a capacity of 180lbs, so the maximum capacity with safety factor
was increased to 200lbs to further increase strength and overall rigidity of the stand. With the
goal of 200lbs, the amount of force each section must hold can be solved. Another parameter is
how much clamping force acts on the bicycle seat tube. The leverage ratio on the swing arm can
be calculated in order to know how much power the motor needs to put out at the leadscrew to
provide the proper clamping force of 52lbs. A third parameter is the speed of the system. A gear
ratio combined with the output RPM of the motor can determine how quickly the jaws will close.
The gear ratios will reduce the motor RPM so the clamp does not close too slowly or quickly,
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giving ample time to position the bicycle in place without having to wait too long. A final
variable speed of 150 - 300 RPM will allow a quick clamp speed, with time to position the
bicycle. Another parameter is the spring tension on the tensioning arm to keep the chain under
proper tension. Calculating the spring factor K will determine what size spring is needed to keep
the chain in place without slipping.
Scope of Testing and Evaluation
The key requirement for success is being able to operate the clamp in the stand without using
hands. The test is as simple as lifting an average bicycle in the stand with the use of two hands.
The clamp structure can be loaded up with a false seatpost, and loaded up with different weights.
Weight can be added until the minimum requirement is met to determine if it meets expectations.
Analyses
i.

ii.

Design issues:
a. The total amount of weight the stand can hold should be up to 200 lbs.
b. The main spring constant should be weak enough to be overcome by the
motor, but strong enough to provide a return of the swing arm.
Calculated Parameters:
a. A load of 200lbs will support any realistically ride-able bike by almost
double. This build in safety factor of about 2, gave the base of the stand a
minimum diameter of 1 inch (Fig. A-2).
b. The same 200lbs load was also used to determine the outside length of square
tubing to be 1 inch, with a wall thickness of .083 inches (Fig. A-3)
c. A36 Steel was chosen for being inexpensive and able to support the load of
12.21ksi per arm (Fig. A-4).
d. The spring constant K for the main spring used for swing arm return should
have a rate between 1-3 lbs per inch. The number 2 that was chosen is fairly
arbitrary since it is not used for vital function or has to resist a specific force.
It only needs to return the swing arm as the clamp opens back up (Fig. A-6).
e. The minimum clamping force to not crush carbon fiber seatposts was
calculated to be 52lbs (Fig. A-5).
f. The axial force of 131.4 lbs required part way along the swing arm to clamp at
the end of the swing arm at 52lbs (Fig. A-7)
g. The required torque to clamp at 131.4 lbs along the swing arm is 1.61 in*lbs
(Fig. A-8).
h. Coefficient of friction required to hold the maximum load at minimum
clamping force is close to 4. Realistically the coefficient would only need to
me 0.58 using 30 lbs with minimum clamping force (Fig. A-9).
i. The final speed at the lead screw has been calculated using 180 RPM. Using a
½-13 thread, 13 revolutions would advance along the lead screw by 1 inch.
Translated out to the arc on the end of the swing arm at the jaw, it would
advance the clamp at a rate of 0.23 inches per second (Fig. A-10).
j. Gear ratio for ideal RPM for calculated closing speed (Fig. A-11). Note that
speed will vary with both a controller and the ability to change cassette cogs
to meet user’s preference.
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iii.

Best practices: Keeping someone away from any electrical shock or force while
operating the clamp is a priority. The hands-free aspect prevents the operator
away from moving parts, making it difficult to get entwined with moving parts
resulting in injury. The clamp is very low risk for user injury since it does not
require direct interaction with moving parts to operate.

Device: Parts, Shapes, and Conformation
The overall aesthetic look of the clamp will be open and mechanical. Springs and drive systems
will be exposed for ease of access for repair and maintenance.
Device Assembly and Attachments
The clamp attaches to existing repair stands by way of a cylinder at the base of the clamp parallel
with the ground. This allows for the bicycle to be rotated in the stand as necessary to keep the
wheels parallel to the ground.
Tolerances, Kinematics, Ergonomics
The tolerances for the system need to be fairly accurate for pieces that move together. Moving
parts like the swing arm need to move about the pivot point so there is little or no play so the
clamping force is secure. Other moving parts, like the lead screw and tension arm, are less
important since there are no significant load bearing aspects on these parts.
Ergonomics for the system require that it can be used while following proper lifting procedure
(back straight, load as close to the body as possible, etc…).
Technical Risk Analysis, Failure Model Analysis, Safety Factors, Operation Limits
The risks typically involved with clamping devices are usually that of appendages being crushed,
but with the hands-free idea, that risk is basically reduced to zero. A source of failure could
result from cracking or bending joints due to excessive loading on the clamp. Because the load
has to be supported away from the mounting area, forces are increased at the clamping point. A
safety factor of at least 2 has been implemented for all structural members in order to support the
loads. A typical e-bike weighs between 40-50lbs, but the load requirement of 200lbs will handle
most e-bikes, along with the few exceptions that are above the average weight.

3. Methods and Construction
Construction
The construction of the clamp will begin with cutting and machining steel square tubing. Once
all the features have been machined, most of the pieces will be welded together creating rigid
base structure. Once the base structure has been fabricated, the moving parts will be attached
using hardware to allow for the pivoting and rotation of certain components. After the movable
components have been added, the clamp will be wired with electronics to allow for the handsfree function.
Description
The way the device functions starts with a foot switch. The switch is pressed and activates the
motor to rotate clockwise. Spinning the motor runs the chain through the series of jockey wheels
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and rotates the threaded jockey wheel clockwise on the leadscrew and closing the clamp. Since
the leadscrew pivots on one end, the distance between the leadscrew and the motor gets smaller
and larger. The chain passes through two additional jockey wheels that are attached to an arm
that is spring loaded to keep tension on the chain as the swing arm pivots. As the jaws close, the
return spring placed over the leadscrew compresses. When the threaded clamp needs to be
opened, the motor is toggled to rotate counterclockwise. When the motor rotates, the threaded
jockey wheel follows and backs off the leadscrew. The return spring then decompresses and
pushes the swing arm away from the stationary arm again, opening the jaws.

Design Tree and Drawing IDs
The construction of the base is the foundation for the rest of the clamp. As seen in Appendix B
Fig. B-1, the base has a cylindrical member that joins to a welded right angle square member
(Fig. B-2). At this time, the rest of the components for the assembly should be machined prior to
joining with the base. The fixed and swing arms will have the holes drilled, slots milled into the
appropriate sides, and jaws welded into position. The flat bars that attach to the base will also
have holes drilled for the pivot pin for the swing arm. Once all the components are machined, the
fixed arm can be welded to the flat bars and base, creating a rigid structure (Fig. B-3). Next the
lead screw can be attached to the fixed arm, followed by the return spring that slides over the
lead screw (Figures B-4, B-5). The pivot arm can be attached after passing the lead screw
through the slot Fig. B-6). The thrust load bearing can be placed on the end of the leadscrew
followed by the threaded jockey to keep everything in place (Figures B-7, B-8). The tension arm
can be secured to the swing arm before the motor is mounted above it (Figures B-9, B-10). The
wiring can be passed through the system, then the chain can be passed through the jockey wheels
for the final step.
Parts List and Labels
Parts List is comprised of sourced parts, and some machined in-house. The base structure will be
made form different lengths of 1inch sqare tubing, 1 by 1/8 inch flatbar, and 1 inch angle iron,
which will be ordered online form Metals Deopt. Parts being made from square tubing include
the fixed arm, swing arm, and the base. The square tubing will be machined in-house to meet
speficications. The jaws are made from angle iron, and the flatbar provides the bridge between
arms and added structural support. The base also incudes material sourced from scrap or spare
materials from Mr.Burvee. Many parts will be constructed using commonly available parts in
bicycle shops. This allows for reuse of parts and cuts down cost and time by not having to buy
and machine new materials. The commonly available bicycle components will be modified to fit
the applications of the system, but can be done with common tools in case parts break or fail
from use. Reused bicycle parts include a derailieur cage with pulley wheel and torsional stpring
for the swing arm, freehub body shells to connect the gears to the motor and leadscrew, and
cassette sprockets will be used to achieve desired gear ratios. All parts can be obtained from
scrap or discarded componenets on demand at no additional cost. Hardware such as pivot pins,
bots, and threaded rod will be ordered from McMaster Carr. All parts are common and available
at any time. A commonly available thrust bearing that meets requirements will be ordered from
Grainger. The electronics will come from Amazon and RC Planet. The motor, foot switch, and
speed control board will come from Amazon, while the battery, charger, and wire leads will
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come form RC Planet. Again, all electronics are available to order at any time. All parts were
speficifally chosen to be easily to find and replaceable.
Manufacturing Issues
The biggest manufacturing issue will be keeping the base of the clamp square as it is welded
together. The clamp will still function, but keeping the flat bars parallel on the stand will be key
to its performance.
Assembly
First step is to fabricate the base of the clamp. From there, everything will be attached. A pivot
pin that fits through the fixed arm attaches one end of the leadscrew so it can pivot but not
translate. Once the leadscrew has been installed and secured, the spring can be placed around the
leadscrew to return the swing arm after it closes. The swing arm can then be pinned in place on
the other side of the flat bars. It would be wise to pass the leadscrew through the slot prior to
pinning the swing arm to make it easier to install. While compressing the return spring by
holding the fixed and sing arms parallel to each other, the thrust bearing then threaded jockey
wheel can be added on the end of the leadscrew to hold the assembly together. With both arms
installed and secured, the tension arm can be attached to the swing arm. The motor can then be
mounted onto the swing arm, followed by installing the wiring to operate the motor. After the
motor has become functional, the chain can be passed through to connect the motor to the
threaded jockey wheel, finalizing the assembly of the clamp. Appendix B show the step by step
process for assembling the clamp.

4. Testing Methods
Test Method Introduction
The primary tests that will be run will determine the strength of the clamp. Secondary tests
include ergonomics and simplicity of use that are perhaps less quantitative. The primary tests
will be conducted to see if the clamp can hold the minimum weight requirement. A faux seatpost
can be secured in the clamp with a bucket or device attached capable of holding large amounts of
weight. Weight can be added until mass material deflection/failure, or success is achieved. The
other primary test will be measuring the clamping force the jaws have. The same faux seatpost
can be used with pressure sensors to read the maximum clamping force.
Secondary tests for ergonomics will include seeing if the bicycle can be lifted and clamped using
OSHA approved lifting technique. Additional tests may include seeing how a novice might use
the clamp with little or no instruction to gage the simplicity of the system.
Method/Approach
The parameters being tested will be how much weight the clamp can hold, how quickly the
clamp closes around a seatpost, how much clamping force is generated, and if the clamp can be
operated without the use of hands. Using a force gauge, the force pulling down at the clamp jaws
can be measured. A stopwatch can be used to see how long it takes for the jaws to close from
being fully open. A pressure sensor can be used to measure how much force is being applied. As
long as the user can operate the clamp with both hands occupied, the hands-free function will be
deemed a success.
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Test Procedures
The clamp may be bolted or clamped to a sturdy table top capable of withstanding the loads
generated during testing. Once the clamp is secured in place, the different aspects can be tested
to determine success or failure of the device. In some instances, a control or baseline test will be
conducted to measure known values, and compare those results with that of the clamp.
Deliverables
The priority of the clamp is that it must hold the designated amount of weight. The primary use
of the clamp will be to support E-Bikes equipped with aluminum seatposts. The clamp must be
operated with no hands, and the ability to fully close in less than two seconds. A secondary
priority would be to limit the clamping force to accept carbon seatposts to extend the versatility
to all types of bikes.

5. Budget/Schedule/Project Management
a. Proposed Budget
The base material will be sourced from a metal supplier such as “metals depot” online. Other
hardware and premade parts will come from McMaster Carr and amazon. The most expensive
parts will be for the motor assembly, costing around $65 for a complete assembly. The motor
assembly will be taken from an electric screwdriver with a removable and rechargeable battery.
The foot switch will be a “dead man” switch that will need to be constantly pressed to activate
the mechanism. A three position switch will be implemented to toggle clockwise rotation,
counterclockwise rotation, and off positions. There should be no buying issues since all parts are
common items that are consistently well stocked, with the exception of the electric screwdriver
that may or may not be discontinued. No outside labor will be necessary to factor into the
budget. The assembly can be machined and put together using basic manufacturing skills. Total
project cost for one unit will be in the range of $65, with no aid from funding sources.
b. Proposed Schedule
Specific tasks include machining parts, welding parts, wiring, and final assembly. Total time
given for machining is approximately 14 hours, 6 hours for welding, 10 hours for wiring, and 4
hours for assembly. Achievable milestones include machining of all parts, welding certain pieces
together, wiring all components, and assembling the clamp. Each milestone should be completed
in that order before the next milestone can be reached. Estimated total project time will be a
minimum of 120 hours. Refer to figure E-1 for Gantt Chart.
c. Project Management
Human resources expected to be utilized on this project include Matthew Burvee, Greg Lyman,
and Tedman Bramble. Mr.Burvee will be consulted when using welding equipment, Mr.Bramble
for machining operations, and Mr.Lyman for electronics and wiring components. Physical
resources include machining mills, lathes, MIG or TIG welders, and soldering irons. Soft
resources may include CAM software and “miltisim” wiring simulator to confirm wiring
schematics. There are no financial resources used for this project.
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6. Discussion
The project progressed in a way that made the design simpler. The original design was sleeker
and streamlined, but used advanced techniques to manufacture. The cost would have been
substantially larger, and would have taken more time to create. The aesthetically pleasing version
was rejected for a more practical and serviceable design. From the beginning, the design was
supposed to incorporate common parts that could be found in a typical bicycle shop. Although
the latest version does not look as nice, it is more user friendly and does not use as many
proprietary parts, and fewer parts in general. All high wear parts can be replaced with common
bike parts as the mechanism goes through natural wear. Overall, a serviceable design was
preferred to a cleaner looking one. As mentioned in the Parts List, each piece was selected on
availability and cost. The “optimized” performance comes from being able to service and modify
the clamp to the operator’s preference. If anything was learned working in the bicycle industry, it
is that everyone has a specific preference. Different cog sizes may be used to alter the
performance of the clamp, with a variable rotational speed controller to fine tune the system. One
of the larger challenges was finding a solution to a dynamic system with a drivetrain that changes
chain tension as it moves through the range of travel. The first design had a drivetrain that was
linear using only two gears and a sliding carriage to keep tension on the chain. Without a custom
slide or rail system, the carriage sat inside the square tubing out of the way, but had awkward
forces acting on it. The forces would have potentially led to an unreliable system. Instead, a new
system was implemented borrowing from chain tensioning devices that have been used for
decades on bicycle drivetrains. The result was a more exposed but simpler design. Successful
aspects of the design include the basic clamping mechanism, and the drivetrain system. The
clamp can attach to any existing work stand base, making it easy for a shop to introduce the new
system without having to overhaul or spend more to an entirely different system. The drivetrain
allows for full range of movement with maximum bearing surface contact, and proper chain
tension to ensure a smooth consistent motion. What has been unsuccessful has been finding an
effective method of limiting or adjusting clamping force, and an inexpensive and rechargeable
power source. Electric screwdrivers are made for light duty work in residential situations where a
cordless drill would be too powerful. An electric screwdriver was chosen for its cost
effectiveness for having all components necessary for the mechanism (motor, on/off button,
polarizing switch, rechargeable…). The challenge was finding one with all mentioned features
with a removable battery that could be easily replaced if necessary. The clamping force limiter is
difficult to use in a package that is compact, and accounts for variable clamp diameters.

7. Conclusion
A device has been designed to meet the requirements set forth by common necessities in bicycle
shops. Parts and materials have been identified and selected for construction of the device.
The project can be considered a successful senior project having met all the following
requirements:
1. Has engineering merit in structural areas.
2. Can be constructed using available resources.
3. Designed and constructed with interest to the investigator.
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Appendix A: Calculations
Fig A-1: Moment created at the base due to a force
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Fig A-2: Diameter required to support moment
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Fig A-3: Outside square dimension to support a load
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Fig A-4: Max stress on the length of the arm that is attached to the base.
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Fig A-5: Converting torsional force to axial force
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Fig A-6: Calculated force created by closed spring
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Fig A-7: Force needed part way down the arm to achieve proper force at the end of the arm.
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Fig A-8: Torque required at the motor to provide force.
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Fig A-9: Calculating minimum coefficient of friction at minimum force and max load, and
minimum force at realistic load.
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Fig A-10: Calculating linear distance travel rate at ideal rotational speed
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Fig A-11: Gear ratio using conventional parts to achieve gear reduction for ideal RPM
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Appendix B: Assembly/Drawings
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Fig. B-1

Fig. B-2

Fig. B-3
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Fig. B-4

Fig. B-5

Fig. B-6
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Fig. B-7

Fig. B-8
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Fig. B-9

Fig. B-10
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Fig. B-11

Fig. B-12
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Fig. B-13

Fig. B-14
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Fig. B-15

Fig. B-16
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Fig. B-17
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Appendix C: Parts List
ITEM
NO.
1
2
3
4
5
6

7
8
9
10
11
12

ITEM
NO.
1
2
3
4
5
6
7
8
9
10
11
12

PART #

PART #

PART DESCRIPTION
Fixed Arm
Base
Flat Bar
Swing Arm
Jockey Wheel
Pivot Pin

Leadscrew
Spring
Jaw
Thrust Bearing

Motor
Tension Arm Plate

PART DESCRIPTION
Fixed Arm
Base
Flat Bar
Swing Arm
Jockey Wheel
Pivot Pin
Leadscrew
Spring
Jaw
Thrust Bearing
Motor
Tension Arm Plate

VENDOR
Metals Depot
Metals Depot
Metals Depot
Metals Depot
Shimano
McMaster Carr
McMaster Carr
McMaster Carr
Metals Depot
Grainger
Amazon
Shimano
Total

ESTIMATED
COST
$4.00
$10.00
$1.50
$5.00
$1.00
$0.75
$0.60
$0.05
$1.00
$2.75
$40.00
$0.50
$67.15

ACTUAL
COST
$4.00
$0
$1.50
$5.00
$0
$0
$0
$0
$0
$2.75
$50.00
$0
$64.75

QTY.
1
1
2
1
4

2
1
1
2
1
1
2
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Appendix E: Schedule
Fig. E-1
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Appendix F: External Documents/References
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Appendix J: Resume

